Introduction
The mechanism of bacterial leaching of sulphide minerals has been studied for fifty years, but in the last fifteen years investigators have paid attention to interfacial aspects of the leaching process (Bennet and Tributsch 1978; Rodriquez-Leiva and Tributsch 1988) . Electron spectroscopic, X-ray fluorescence (Rodriquez- Leiva and Tributsch 1988) and electron microscope studies (Ostrowski and Skłodowska 1993) have shown a layer of organic substances covering the sulphide surface under bacterial leaching conditions. Earlier, Agate et al. (1968) isolated an extracellular complex from the culture filtrate of Ferrobacillus ferrooxidans and showed that this complex probably plays a role in interfacial interactions.
Copper sulphides are hydrophobic, have a high surface energy and negative surface charge. Some investigators claim that most organisms are hydrophilic and their adhesion to hydrophobic surface will be stronger than to a hydrophilic surface if short-range forces are involved (Rutter and Vincent 1980) . Others (Loosdrecht et al. 1987; Stenström 1988) have found the opposite: greater hydrophobicity of cells and substrata results in greater attractive forces and higher level of adhesion. Interfacial interactions between substrata and bacterial cell are more complicated in the case of ores or post-flotation wastes containing residue of copper sulphides and different origin ores (in our experiments limestone and sandstone are origin ores). In this case such factors as surface texture and diversity of particles (copper sulphides and origin rock) may influence the adhesion process. The aim of this study was to estimate how exopolymers produced by bacteria in bioleaching process may influence the relationship between cell and substrate surface.
Materials and methods

Bacterial cultivation
Bacterial cells were isolated from Lubin's post-flotation wastes as described earlier (Ostrowski et al. 1990 ). The most active strains were selected on the basis of their bioleaching activity on base mineral medium with covellite (10 g/l) or chalcocite (10 g/l) as a substrate. One of them was identified and named Bacillus insolitus strain no. 26 (Skłodowska and Matlakowska 1996) . Exopolymer isolation was from culture with post-flotation wastes as a substrate (10 g thiosulphate in mineral medium was replaced by 10 g post-flotation wastes).
Isolation and purification of exopolymer
The polymer was isolated from a pure culture of B. insolitus strain no.26 and from mixed culture of strains naturally existing in post-flotation waste according to the procedure of Wrangstadh et al. (1986) . The 40 dayold culture supplemented with post-flotation wastes was harvested by centrifugation (6,000 × g, 30 min). The pellet containing bacteria, grains of post-flotation wastes and polymer was suspended in 20 ml of 50 mM phosphate buffer, pH 7.2, and centrifuged in a Beckman L7-55 ultracentrifuge (130,000 × g, 1 h). This procedure removed bacterial cells and wastes from the polymer. The polymer-containing supernatant was dialysed against Millipore MilliQ water for 48 h (cut-off 1000 Da) and the sample was concentrated 5-fold by evaporation under vacuum for storage.
Surface tension and contact angle measurements Surface tension of redestilled water (MilliQ water), culture liquid, and exopolymer solution was measured 11111  2  3  4  5  6  7  8  9  10111  1  2  3  4  5  6  7  8  9  20111  1  2  3  4  5  6  7  8  9  30111  1  2  3  4  5  6  7  8  9  40111  1  2  3  4  5  6  7  8  9  50111  1  2  3111 Biotechnology Techniques, Vol 11, No 11, November 1997, pp. 837-840 Biotechnology Techniques · Vol 11 · No 11 · 1997 Exopolymers produced during copper bioleaching from copper sulphides could modify the surface of substrata. The substrate surface was more hydrophobic for exopolymer solution than for water or control sample and the changes depended on the concentration of exopolymer solution. When the concentration of exopolymer was close to that in the environment, the changes were more significant. It appears that the structure of exopolymer is important and dependent on the degree of molecule hydration.
by stalagmometric methods (Laskowski 1969). Contact angle was estimated with a goniometer equipped with a CCD camera (obtained from the Institute of Applied Optics in Warsaw). A drop of liquid (5 l) was placed on a specially prepared plate of substratum and the image was immediately sent via the CCD camera to computer memory for analysis. For contact angle estimation L-M and L-Q method was used (Jacobs 1977). Contact angle was measured on dry glass (microscopic cover glass washed in ethyl alcohol), quartz plate and specially prepared plates of sulphur and copper ore. The sulphur plate was prepared by heating elementar sulphur and then a thin and smooth cast was made. The plate of ore was made from thin section of crude ore by polishing. The surface of the ore plate was washed in ethyl alcohol and water. In the second experiment all plates were covered by exopolymer film, then dried at room temperature. Contact angle for water was estimated on such prepared surfaces. Temperature and moisture was constant during the experiment (23°C and 68% respectively).
Scanning electron microscopy
Ore sections for scanning electron microscopy were prepared according to method described by Ostrowski and Skłodowska (1993) .
Results
The surface tensions of i) leaching liquid with bacterial cells but without substrate particles and ii) liquid without bacteria and substrate particles, were higher than that of pure distilled water (Table 1) . The difference in surface tension between control medium without bacteria and leaching solution was negligible. The exopolymer solution showed slightly lower surface tension than water and much lower than the leaching solution, by 2-2.8 mN/m (Table 1) .
Diluted solution of exopolymer had a similar concentration as in interfacial spaces between bacterial cells and substrate particles in culture. Table 2 presents the results of contact angle measurements and Table 3 The results show that the work of adhesion for exopolymer solutions dropped onto sulphur plate and copper sulphide sites in ore plate was considerably lower compared to water or control sample (Table 3 ). The changes in work of adhesion are better visible in the case of exopolymer prepared from culture of B. insolitus strain no. 26. The changes in work of adhesion observed on the surface of glass, quartz and origin ore were different and generally showed a lower level. When the 
